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CHAPTER I 
INTRODUCTION 
Significance of the Study 
Athletic coaches and trainers have been experimenting with the 
· use of cold-water applications as an effective method of decreasing the 
effects of fatigue and improving the recovery of an athlete after 
strenuous activity. The majority of modern day athletic sports demands 
that an athlete be able to perform effectively and efficiently in suc­
cessive bouts of strenuous activity which are interspersed with rest 
periods. Such activities could be in the running of two or more races 
in track or in basketball, wrestling, and tennis tournament play. 
Should a method of rapid recovery from strenuous exercise be 
found, such information would be invaluable to the coach in training 
athletes for successive performances. 
Statement of the Problem 
The purpose of this study was to determine the effect of a cold 
abdominal ice pack, an ice-water foot bath, a cool foot bath, and rest 
upon the recovery process as measured by heart rate and oxygen 
consumption. 
HYpothesis 
Cold abdominal ice pack, ice-water foot bath, cool foot bath, 
or rest will have·no effect upon the recovery process if administered 
after strenuous activity. 
Limi ta. ti ons 
1. Only twelve subjects were selected for this study :rrom 
volunteers of the male basic instruction physical education classes 
at South Dakota State University. 
2. The subjects were instructed to ma.inta.in the same diet 
habits, sleep habits, and living habits during the study as they had 
maintained prior to the beginning of the study. 
Definitions of Terms 
Cryotherapy. The use of cold applications for therapy 
purposes. 
Abdominal ice pack. A plastic bag containing ice and placed 
upon the subject's bare abdominal surface. 
Cool foot bath. A water bath with a temperature between 
60-65 degrees in which the feet were placed. 
Ice water foot bath. A water bath with a temperature between 
40-45 degrees in which the feet were placed. 
Recovery period. One minute after the subject's heart rate 
reached 180 beats per minute, administration of one of the four 
treatments took place. During the complete twenty-minute recovery 
period the subject's heart rate and oxygen consumption were recorded. 
2 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
The research of the literature reveals that several methods of 
relieving fatigue and improving recovery time have been examined. 
Studies involving the use of cryotherapy as a method of relieving 
fatigue·and improving recovery time are reviewed in this chapter. 
Effects of cold showers on relieving fatigue. Falls and 
Richardson conducted a study using ten subjects to investigate the use 
of three types of treatments on recovery heart rate from a bicycle 
ergometer ride, on performance of a second bicycle ride, and on the 
circulatory recovery from the second ride. Following the bicycle 
ergometer ride the nine-minute recovery period began with one of the 
three treatments being applied. Treatments administered during recovery 
were complete rest, light activity, and cold showers. Light activity 
consisted of a three-minute rest, one-minute bicycle ergometer ride at 
150 kpm per minute, one-minute rest, two-minute walk, one minute of 
calisthenics, and one minute of rest. The cold shower lasted seven 
minutes followed by a two-minute rest. Recovery heart rate was reco,rded 
for one minute after the nine minutes of recovery and immediately 
following the subjects performed a second all-out ride on the bicycle 
ergometer. Termination of the· second ergometer ride was the time required 
to complete eighty-five revolutions with resistance.set at three and 
one-half kp (1, 785 kpm of work). Falls and Richardson concluded from 
4 
the results of this study that recovery from exercise may be increased 
significantly by application of.cold showers (68°F) to the subject 
when compared with either complete rest or light exercise as a recovery 
procedure. 1 
Robbins, investigating the effects of hot and cold shower baths 
upon adolescents' participation in physical education classes found that 
cold showers (65°F) decreased the body temperature, heart rate, diastolic 
blood pressure, and caused a slight increase in grip strength and 
systolic pressure. Twenty-five subjects were used, with fifteen subjects 
making up the experimental group and ten remaining in the control group. 
After the shower period the subjects were tested on four areasa changes 
in blood pressure, nuctuations in strength, and changes in heart beat 
following hot and cold shower baths. The following results were 
obtained& a) exposure to hot baths contributes to a slight increase in 
temp.erature, heart beat rate, and systolic blood pressure, a slight 
decrease in diastolic blood pressure and grip strength; b) cold baths 
contribute to a temperature drop, heart beat decrease, slight decrease 
in diastolic blood pressure, and a slight increase in grip strength and 
systolic pressure. 2 
1Harold B. Falls and Robert D. Richardson, "Comparison of 
Recovery Procedures for the Red,uction of Exercise Stress, " The Research 
Quarterly, 38(4)a550�555, December, 1967. 
2 -
- . . 
A. c. Robbins, "The Effects o.f Hot and Cold Shower Baths Upon 
Adolescents Participating_in Physical Education Classes," The Research 
Quarterly, 13(3)1373-380, July, 1942. 
5 
Falls studied the duration of the shower effect on circulatory 
response to exercise in order to detennine how long a performer may 
wait before beginning exercise after a cold shower and still receive 
benefit from it. In addition to a control condition of exercise with­
out a shower, the time intervals between the shower and exercise were 
10, 20, and JO minutes. The showers were 10 minutes at an average 
temperature of 68°F. Each of the 10 male subjects followed each 
experimental condition on separate days. Heart rates were recorded 
during a 5-minute walk at four miles per hour and 6 per cent grade on 
a motor-driven treadmill. Results indicated that even after a 20-minute 
interval before exercise begins, the 10-minute cold shower at 68°F will 
signif'lcant�y reduce the exercise and recovery heart rates associated 
with a submaximal exercise. It appears, however, that the sooner the 
exercise follows the shower, the greater the reduction in circulatory 
costs. 3 
Effects of cold abdominal packs or cold spray on relieving 
fatigue. A study was conducted by Cooney and Roundy to compare three 
methods of relieving fatigue between bouts of strenuous exercise, 
rest, abdominal cold packs, and cold showers. Fifteen subjects were 
used in the study; each subject participated in each of the three 
treatments. 'lhe subjects ran on a treadmill, which was set at 8 mph 
with a 10 per cent elevation; until their pulse rates reached 180 beats 
3Haro1d B. Falls, "Circulatory Responses to Cold Showers& 
Effect of Varied Time Lapses before Exercise," The Research Quarterly, 
40(1),45-49, March, 1969. 
per minute. One of the three treatments was then applied for 10 
minutes, after which the subject engaged in a second treadmill run 
until the heart rate reached 180 beats per minute. The time of the 
second treadmill run was the ma.in criterion measure. Abdominal cold 
packs proved to be the most effective treatment, with the cold shower 
second, and rest third. 4 
Happ, Tuttle, and Wilson investigated the physiological effect 
of cold abdominal packs and its relation to relieving fatigue. From 
their study they found that recovery from fatigue resulting from 
strenuous exercise is facilitated by the application of abdominal ice 
packs. The authors found that the loss in work output in the second 
6 
of two-work periods was reduced when ice packs were applied to the 
abdomen of the subject during the rest phase between the seven work 
periods and that ice applications increased work output the following 
day. Also the amount of oxygen required to perform a given amount of 
moderate work was decreased by the use of the abd�minal ice pack. There 
was an indication that a carry-over effect of the ice application 
·increased work output the following day. 5 
Happ in his study used a bicycle ergometer to :further experiment 
with the use of cold abdominal packs. Happ had two groups, one control 
4Larry D. Cooney and Elmo s. Roundy, "Effectiveness of Rest, 
Abdominal Cold Packs, and Cold Showers in Rel�eving Fatigue, " The 
Research Quarterly, 39 (3), 690-695, October, 1968. . 
5-,/. P. Happ, W. W. Tuttle, and Marjorie Wilson, "The 
Physiological Effect of Cold Abdominal Packs, " The Research Quarterly, 
20(2), 153-164, May, 1949. 
7 
and one experimental. For both groups, the work output experiment 
consisted of a one-minute a�l-out ride, a ten-minute rest period, 
followed by an additional one-minute all-out ride on the bicycle 
ergometer. On alternate days, the same subject repeated the work 
experiment, but on that occasion an ice pack was applied to the abdo­
men during.the ten-minute rest period. The author found that the pulse 
rate during recovery from a bout of moderate exercise diminished when 
ice was applied during the rest period. Happ concluded that the loss 
in work. output was much less when an ice pack was applied to the 
abdomen during the rest period. 6 
Booher completed a study on the effects of rest, abdominal ice 
packs, and ice-water foot baths upon improving the recovery process. In 
this study fifteen subjects were used, each subject being tested three 
times. Each testing session consisted of a ride on the bicycle ergometer 
with the resistance on the ergometer initially set at two kilograms. 
With each minute of riding time, the load was increased one-half kg 
until the subjec�•s heart rate reached 180 beats per minute. This 
testing session was then followed by a twelve-minute recovery period 
during which one of the three treatments was applied. Then a second 
bicycle ergometer ride identical to the first was administered. The 
treatments during the recovery period were the followings (1) adminis­
tering a control test where th� subject sat in an armchair for the 
6william P. Happ, Jr. , "The Effects of Cold Abdominal Packs 
on Recovery from Fatigue, "  (unpublished Master' s  thesis, University 
of Iowa, Iowa City, 1947), PP• 1-27. 
twe1ve-minute recovery period, (2) holding an ice bag on the bare 
abdomen for seven minutes during the recovery period, or (J) placing 
both feet in an ice water foot bath for seven minutes during the 
recovery period. 
The. following criteria were used by Booher for measurements 
(1) the change in performance time from the first ergometer ride to 
the second ergometer ride, (2) total heart rate during the twelve­
minute recovery period, and (J) oxygen consumed during the third to 
tenth minute of the recovery period. 
8 
Booher concluded that there was a decrease in performance time 
of a second bout of strenuous exercise if the first bout of exercise 
was followed by some type of cold application. Booher also stated that 
the ice pack on the abdominal area seemed to be the·best method of 
helping to improve the recovery process. Also he found that the ice­
water foot bath appeared to increase the stress of the circulatory and 
respiratory systems, thereby increasing the heart rate and oxygen 
consumed during the foot bath treatment. ? 
Rosen investigated what effect an abdominal spray would have 
upon a repeat performance in the 440-yard run. Using sixteen subjects, 
Rosen found that the average time was faster for the second 440-yard 
race on the day when the cold abdominal spray was applied than for the 
7 James McKinley Booher, "Effects of Rest, Abdominal Ice Packs 
and Ice Water Foot Baths in Improving the Recovery Process, " 
(unpublished Master' s thesis, Sout? Dakota State University, Brookings, 
1969), PP• 1-53. 
second 440-yard race on the non-spray day. The cold spray was 
advantageous to some runners, but resulted in no significant improve­
ment for others. 8 
9 
A study was conducted by Sills and O'Riley on the comparative 
effects of rest, exercise, and cold spray upon the performance in 
spot-running. Eighteen college students were used in the study. Each 
subject ran five bouts or spot-running, with 10-second intervals 
between bouts. After the subjects either rested, exercised, or 
received cold applications for ten minutes, they performed another 
series or five bouts or spot-running. The authors found that the best 
performance followed the �se or a cold spray during the ten minutes 
between the bouts or running. They concluded that cold applications 
are more effective than either rest or exercise for the _recovery trom 
ratigue. 9 
A measure of circulorespiratory capacity. Nagle and Bedecki 
investigated the use or heart rate response as a measure or -0ircu.lo-
respiratory capacity. Forty-four subjects, from age eighteen to 
thirty-six, were given an all-out run test on a motor-driven treadmill. 
The times for attaining heart rates of 150, 160, 170 and 180 beats per 
minute were recorded together with measurements of ventilation, oxygen 
�elvin Rosen, "The Effect of a Cold Abdominal Spray upon a 
Repeat Performance in the 440-Yard Run, " The Resea_rch Quarterly, 
23(1)1226-230, March, 1952. 
9Frank D. Sills and Vernon E. O' Riley, "Comparative Effects of 
Rest, Exercise and Cold Spray Upon Performance in Spot-Running, " 
The·Research Quarterly, 27(2)1217-219, May, 1956. 
10 
uptake, and carbon dioxide production. The correlations between heart 
rate times and the all-out run times increased with the heart rate. 
A correlation of .85 was calculated at the rate of 180 beats per 
minute. With the use of criteria established by Balke, it was demon­
strated that the 180-heart rate serves as valid cut-off point in measur ­
ing circulorespiratory capacity upder variable exercise stress 
condi tions.10 
In his article, Balke proposed that a submaximal heart rate, 
180 beats per minute, be used to measure circulorespiratory capacity. 
From his work, he concluded that attainment of a heart rate o:f 180 in 
exercise represents a physiological point at which circulorespiratory 
limitations become manifest. He observed that the optimal work capacity 
was exceeded at about this heart rate, since a sudden rise in anaerobic 
work occurred. This rise was indicated by a decreased pulse pressure 
as· the heart rate approached or exceeded a rate o:f 180 beats per minute. 
This decreased rate provided a crude indication of decreased stroke 
volume and, the11efore, an indication of cardiac limitations. There was 
also a decreased oxygen pulse (ratio of oxygen consumed to the heart 
rate) and a disproportionate rise in ventilation compared to the heart 
rate and oxygen consumption. Repeated observations of this kind led 
Balke to conclude that the 180-heart rate serves as a valid cut-out 
point in a performance to me�sure circulorespiratory capacity. In the 
lOFrancis J. Nagle and Thomas G. Bedecld., "Use of the 180 Heart 
Rate Response as a Measure of Circulorespiratory Capacity," The 
Research Quarterly, J4(J)�J61-J69, October, 1963. 
180-heart rate test, the end point of exercise is defined by observa­
tion and measurement rather_than the subject's will to cooperate. In 
addition, since it is a submaximal test, much of the discomfort and 
the unpleasant physical circumstances that frequently accompany an 
all-out run to exhaustion are avoided. 11 
11 
Heart rate as a measure of fatigue and recovery. Morehouse and 
Miller state that du.ring exercise there is an increased demand for more 
nutrients and oxygen and more waste products and heat have to be removed 
from the active muscles; this demand can only be met by an increased 
blood flow to these active muscles. The increase in blood now to the 
active muscles can partially be brought about by increase in the heart 
rate. Several factors seem to cause this increased heart rates (1) the 
heart will be accelerated because contracting muscles pump more blood 
through the veins back to the heart; (2) the increased body temperature 
from activity will increase the heart rate; (J) increased CO2 in the 
blood increases heart rate; (4) incr�ased metabolism in the muscles 
increases heart rate; (5) heart rate is proportional to the workload; 
and (6) the increased blood concentrations of adrenaline and lactic acid 
caused by activity will increase heart rate. Morehouse and Miller.also 
llBruno Balke, Correlation of Static and Physical Endurance, 
Report Number 1. (Randolph Field, Texas: School of Aviation Medicine), 
April, 1952. 
12 
report that the heart rate provides reasonably valid information on the 
total stress to which an individual's cardiovascular system is subjected 
during exercise. 12 deVries states that the heart rate also provides 
reasonably valid information on the recovery of the cardiovascular 
system from fatigue following exercise. 13 
Morehouse and Miller, dis9ussed recovery time and heart rate, 
stated that the time required for the heart rate to return to normal 
after exercise depends on the work load of the exercise period and on 
the phy$ical condition of the subject. 14 
Grollman stated that the amount of oxygen used in excess of the 
resting level, during the-period beginning at the moment muscular 
activity ends and terminating when recovery is complete, is the process 
of recovery. 15 
Oxygen consumption as a measure of recovery. Morehouse and 
Miller stated that short bouts of maximum activity, in which the event 
is completed within JO seconds, are performed using only the immediate 
fuels of contraction and are concluded before the oxidative recovery. 
12Laurence E. Morehouse and Augustus T. Miller, Physiology of 
Exercise (St. Louisa The c. V. Mosby Company, 196J), pp. 101-108. 
13iierbert A. deVries, Physiology of Exercise (Dubuque& Wm. E. 
Brown Company, 1968), PP• 60-81. 
14Morehouse and Miller, �• cit. , P• 112. 
15sigmund Grollman, The Human Body (The Macmillan Company, 
1969), PP• 81-8J. 
processes are fu11.y in action. In more prolonged events of maximum 
exertion requiring more than four minutes to complete, the limiting 
factor appears to be the ability of the circulorespiratory system to 
supply the oxygen needed by the muscles. 16 
Human beings are entirely dependent upon a steady intake of 
oxygen. About 200 to 300 cubic c&ntimeters of oxygen per minute are 
required when the body is at rest, and many times this amount is 
13 
needed for vigorous exertion. The trained athlete can utilize 4 or 5 
liters .of oxygen per minute. The oxygen requirement for vigorous exer­
cise may be 16 to 20 liters per minute or higher, depending on the 
degree of exertion. 1? 
Hagerman, Bowers, Fox and Ersing used six highly conditioned 
male athletes to determine the effects of breathing 100 per cent oxygen 
during rest, heavy work, and recovery. The subjects rode a bicycle 
ergometer at a heavy work load for five minutes, breathing either normal 
air or medical oxygen. Gas samples were analyzed for oxygen concen­
trations on Van Slyke and Beckman gas analyzers, and heart rates were 
recorded via a telemetry electrocardiograph system. The results 
indicated a substantial 'increase in resting oxygen consumption, a deprease 
in resting oxygen consumption, a decrease in resting ventilation volume, 
a .marked decline in exercise and recovery ventilation volumes; and an 
16Morehouse and Miller, .22• �., p. 208. 
17Russell Myles DeCoursey, The Human Organism (New Yorks 
McGraw-Hill Book Company, 1964), PP• 140-141. 
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14 
insignificant lowering of the energy cost of exercise during the oxygen 
experiments. No appreciable differences were noted in heart rates 
between the oxygen and air experiments. 18 
Physiological effects of cold. Falls and Richardson reported 
that cold showers and cold packs applied to the abdomen are perhaps the 
most common cold treatments. Researchers have identified a number of 
physiological reactions to these cold applications: body temperature 
drops; pulse rate decreases; diastolic and venous blood pressure 
increases; blood now rises; and nearby blood vessels are initially 
constricted by cold while during prolonged exposure to cold may dilate. 
Falls and Richardson also stated that with the heat gain in 
the body there is also an increased cardiac output for the given amount 
of work. Three possible explanations for effects of cold applications 
on the body which tend to aid he.at loss were stated by the authorss 
(1) Local vasoconstriction of the skin vessels and vasodilation 
of the muscle vessels causing a redistribution of blood 
now with a greater proportion going to the working 
muscles. 
(2) Establishment of a greater thermal gradient between 
core and shell of the body, allowing heat movement to 
the surface of the body to occur by conduction between 
tissues rather than by skin blood flow. 
A decrease in sweat rate, thereby suppressing release 
of bradykinin, a vasodilator substance. 19 
18Frederick c. Hagerman, Richard W. Bowers, ·Edward L. Fox, 
and Walter w. Ersing, "The Effects of Breathing 100 Percent Oxygen 
During Rest, Heavy Work, and Recovery, " The Research Quarterly, 
39,965-974, December, 1968. 
19Falls and Richardson, 12£• cit. 
15 
Jacobsen in his study used twelve freshmen basketball players, 
or whom six made up the con�rol group and six used a cold water foot 
bath, (34-40°F) befo�e and .after practice. Heart rate, body temperature, 
and surface temperature of the feet were recorded before practice and 
at different intervals following practice. Jacobsen found no significant 
difference in body temperature an� heart rate between the cold water 
foot bath treatment and the rest period. 20 
Talich reported that the first use of cryotherapy as a method of 
relieving fatigue took place in Germany during World War II. Cold sitz 
baths were used by Air Force pilots to delay the onset of fatigue and to 
improve and speed the recovery from fatigue. 21 
From this review of the literature, it appears that the area 
of cryotherapy (cold therapy) is undefined an� that its effects upon the 
body are not completely understood. Additional research is needed in 
the· field of cryotherapy to determine more fully its effects upon the body. 
20 Farrel Leroy Jacobsen, "Sur:face Temperature, Body Temperature 
and Heart Rate as A:f:fected by Immefsing the Feet o:f Conditioned 
Basketball Players in a Cold Water Bath," (unpublished Master's thesis, 
South Dakota State University,_ Brookings, 1968), pp. 1-65. 
21william Charles Tali.ch, "The Effects o:f a Cold Sitz Bath on 
Various Measures of Circulorespiratc;,ry Recovery from Vigorous Exercise," 
(unpublished Master's thesis, South Dakota State University, Brookings, 
1965), P• ?. 
CHAPTER III 
METHODS A.ND PROCEllJRES 
Organization of the Study 
The purpose of this study was to determine the ef'"fect of'" a 
cold abdominal ice pack, an ice-water foot bath, a cool foot bath, and 
rest upon the recovery process as measured by heart rate and oxygen 
consumption. 
The study was conducted during a four-week period in the spring 
semester of the academic year 1969-1970 during mornings and afternoons 
of the four-week period. · The length of the testing and treatment 
sessions was approximately forty-five minutes for each subject. Du.ring 
the test session the subject received one of the four treatments. Every 
subject received each treatment only once, and thereby all subjects 
were tested £our separate times o At least twenty-four hours separated 
testing sessions £or each subject. The criteria used for evaluating 
which method was. the most effective in improving the recovery process 
were the variation in total heart rate and the variation in total oxygen 
consumed as measured du.ring the recovery.period. 
The order in which subjects participated in the study and the 
order in which the treatments were administered was determined by the 
academic schedules of'" the subj�cts and in cooperation with the investi­
gators Subjects were tested at identical times throughout the completion 
of the studyo By this process, errors in results because of the day of 
the week and sequence of treatment were eliminated. Table I shows the 
rotation of treatment patter� for each subject. 
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TABLE I 
ROTATION OF TRF.A.TMENT PATTERN FOR EACH SUBJECT* 
Subject's First Second Third Fourth 
Number Ride Ride Ride Ride 
l IV III II I 
III II I IV 
II - I IV 
I IV III n 
III IV I n 
IV I II III 
I II III IV 
II III IV I 
I IV II 
10 IV II III .I 
II III I IV 
12. III I IV II 
*Treatment I Re st ( control) 
Treatment II Ice-water footbath 
Treatment III Cool-water footbath 
Treatment rv Ice pack 
Source of the Data. 
The subjects used in this study were twelve ma.le students 
selected from among volunteers enrolled in the basic instruction 
classes at South Dakota State Universityo Each subject's exercise 
period was scheduled on an individual basis. Prior to testing, the, 
subjects met with the investigator and received verbal instructions 
concerning the general purpose of the study and the basic procedures. 
to be followed. Each subject·was requested to maintain normal eating, 
drinking, sleeping, and exercising habits. Subjects were asked to 
refrain from heavy eating, smoking, or drinking alcohol two hours prior 
to -their testing time. Table II shows the physical characteristics of 
each subject. 
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TABI.E II 
PHYSICAL CHARACTERISTICS FOR EACH SUBJECT 
Subject 
Subject Number Age Height Weight 
G. B. l 18 5'll" 164 
B. K • . 2 l8 5' 9" 145 
D. H. 3 18 5' 8" 16? 
D. D. 4 19 5' 8" 164 
K. F. 5 18 5' 9" 174 
T. s. 6 19 5'10" 165 
G. E. ? 19 5' 6" 145 
c. T. 8 19 6 1 l" 183 
T. s. 9 18 5' 9" 150 
s. c. 10 18 5'10" 155 
T. M� ll 18 5' 9" 124 
J. H. 12 19 6 1 1" 150 
Collection of the Data 
The criteria used for measurement were (1) the total heart rate 
during the twenty-minute recovery period, and (2) the total oxygen 
consumed during the twenty-minute recovery period. 
The bicycle ergometer was used to exercise each subject. The 
ergometer was set at two kilograms (kg) to start the ride, and increased 
one-half kg each minute the subject exercised. An electric timer wa's 
used to keep track of each minute of exercise and was also used to 
indicate when an increase in resistance was needed. A metronome set at 
120 beats per minute was employed to keep the subje�t riding at sixty 
cycles a minute. A stopwatch was started as soon as the subject's 
heart rate reached 180 beats per minute as recorded on a physiograph 
six.* Starting the stopwatch at this time signaled the beginning of 
the recover_y period. 
Heart rate. The subjects reported to the laboratory area 
dressed in gym clothes and tennis shoes. Upon reporting, each subject 
removed his shirt and the points of attachment for the electrodes on 
the body were washed well with alcohol. Points of attachment of the 
three electrodes were as followsa one under each nipple and over a 
rib bone and the third electrode on the base of the neck. 1he wires 
leading from the electrodes were then attached to a belt worn around 
the subject's waist. The wires were then taped out of the way so that 
the subject would be able to dismount the bicycle without di'splB:cing 
the electrodes. The height of the bicycle seat, which had been 
previously determined for each subject·, was kept constant for each 
subject during aµ exercise periods. Upon completion of the hook-up, 
the subject mounted the bicycle ergometer, and the wires leading .from 
the special belt were connected to the physiograph six. The subject 
then rested for five minutes in order that his heart rate might become 
steady and regular. At the end of the five-minute rest period the 
subject began the exercise work bout. 
*Manufactured by the E and M Instrument Company. 
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As soon as the hear� rate reached 180 beats per minute during 
the ride on the bicycle ergometer, the ride was stopped. The 180-heart 
rate has been accepted as a valid test of circulorespiratory capacity 
under variable exercise stress conditions.22 The investigator con­
stantly noted the heart rate as it was recorded on the physiograph. 
The paper.speed of the physiograph was set at .5 centimeters (cm) per 
second. To determine accurately the moment that the subject's heart 
rate reached 180 beats per lllinute., the distance between r waves in the 
EKG rec_ording was counted for five-second periods (2.5 cm on the 
physiograph paper). As soCJll'l as the first and sixteenth r waves 
(fifteen full beats) were completed in a 2. 5 cm distance on the 
physiograph paper, the work bout on the ergometer was stopped. At 
this point the subject was instructed to dismount the ergometer and was 
seated in the armchair for the twenty-minute recovery period. This same 
procedure was followed for all subjects throughout the testing sessions. 
Oxygen consumption. During the recovery pemd a closed 
circuit thirteen and one-ha1f liter respirometer with a recording 
device was used to measure oxygen consumption. When the subject was 
seated in the armchair, nose clips were placed firmly on the nose, and 
a sterilized rubber mouthpiece was placed in the mouth, thus completing 
a closed circuit between the respirometer and the subject's respiratory 
system. Oxygen consumption was measured from the first minute to the 
22Nagle and Bedecki. 12£• �. 
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twentieth minute of the recovery period. A line of "best fit" was 
drawn along the bottoms of the oxygen recordings for each minute. The 
amount of oxygen used was then measured in millimeters (mm) from data 
recorded on the kymograph paper. The Collins Respirometer is so 
graduated that with each mi�limeter of vertical pen defiection as 
recorded on the kymograph, 41. 27 milliliters of oxygen was considered 
consumed by the subject. The volume of oxygen displaced was then 
corrected to standard temperature, standard pressure, and dry 
conditions (STPD). 
In ma.king the correction to STPD, the researcher recorded the 
barometric pressure and the temperature of the gas in the spirometer 
for each testing session. From the known barometric pressure (mm of 
mercury) and spirometer temperature, the correction factor necessary to 
record volume to STPD could be obtained from a chart published by 
Collins, Incorporated. 22 
Administration of the Treatment 
Treatment I (Rest). Treatment I was the control test treatment 
during which each subject sat in the armchair resting, relaxed for 
the entire twenty-minute recovery period. During this recovery period 
the subject was connected to the respirometer for oxygen consumption_ 
measurements from the first to the twentieth minute and also to the 
physiograph for measurement of his heart rate during the entire 
recovery period. 
22clinical Spirometry, (6th ed. ; Braintree, Massachusetts: 
Warren and Collins, Incorporated, 1965). 
Treatment II (Ice-water foot bath). Treatment II was the 
application of the ice-water foot bath treatment for seven minutes 
during the twenty-minute recovery period. The ice-water foot bath 
was two inches deep and the temperature, between 40 to 45 degrees F 
as recorded using a bath thermometer. After the subject had sat in 
the armchair for one mi�ute, he was instructed to place his feet in 
the bath and to try to relax and rest. At the end of the eighth 
minute, the subject removed his feet from the bath and remained seated 
in the armchair for the remaining twelve minutes of the recovery 
period. Oxygen consumption was measured from the first to the 
twentieth minute and heart rate was recorded during the entire 
recovery period. 
Treatment III (Cool-water foot bath). Treatment m was the 
application of the cool foot bath treatment for seven minutes during 
the twenty-minute recovery period. The water in the bath was two inches 
deep and the temperature, 60 to 65 degrees F as recorded using a bath 
thermometer. After the subject had sat in the armchair for one 
minute, he was ·instructed to place his feet in the bath and to try to 
relax and rest. At the end of the eighth minute, the subject removed 
his feet from the bath and remained seated in the chair for the 
remaining twelve minutes of the twenty-minute recovery period. Oxygen 
consumption was measured from the first minute to the twentieth minute 
and heart rate was measured during the entire twenty-minute recovery 
period. 
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Treatment IT (Ice pack). Treatment IV was the application of 
the ice-bag treatment on the abdominal area for seven minutes of the 
twenty-minute recovery period. After the subject had sat in the 
arm-chair for one minute, he was instructed to hold the ice bag on the 
stomach with one hand and to try to rest and relax. At the end of the 
eighth minute the ice bag was remove-cl, and the subject remained seated 
in the arm-chair for the remaining twelve minutes of the recovery 
period.· Oxygen consumption was measured from the first minute to the 
twentieth minute and heart rate was recorded during the entire 
twenty-minute recovery period . 
Procedure of Treatment 
Test I through IV. When the heart rate of each subject became 
constant and regular, he was signaled to start riding in time with the 
metronome which was set at 120 beats per minute. At the signal to 
start the ride, the electric clock was started to time intervals 
nece·ssary to add resistance to the bicycle ergometer. The initial 
resistance was set at two kg, one-half kg being added each minute until 
the subject stopped riding. When the subject' s heart rate reached 
180 beats per minute, he was instructed to stop riding. Then the 
subject dismounted the bi cycle and walked to the armchair and sat down 
to begin the recovery period . 
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Recovery period. When the subject was told to dismount the 
bicycle ergometer, this instruction signaled the start of his recovery 
period. A stopwatch was used to time the recovery period accurately. 
The subject had one. minute either to rest or to remove his shoes, 
depending on the treatment involved in the recovery process. During 
this one-minute period the subject was connected to the respirometer, 
but no actual readings were taken until the end of the first minute. 
After this one-minute period, the subject then started breathing from 
the respirometer. 
· In Treatment I, the subject just rested in the armchair with­
out external cryotherapy applications. In Treatment II, th� subject 
remained at . rest, but placed both feet in the ice-w�ter foot bath, 
beginning with the second and including the eighth minute. At the end 
of the eighth minute, the subject removed his feet from the bath and 
rested for the remaining twelve minutes of the recovery period. In 
Treatment III, the subject remained at rest, but placed both feet in 
the cool foot bath from the second to the eighth minute. At the end of 
the eighth minute, the subject removed his feet from the bath and rested 
for the remaining twelve minute of the recove_ry period. In Treatment IV, 
the subject remained at rest, but placed an ice pack upon his bare 
stomach from the first to the eighth minute. At the end of the eighth 
minute, the subject removed the bag and rested for the remaining twelve 
minutes of the recovery period. All subjects completed this procedure 
for each of the four treatments in the previously determined order. 
During the recovery process, heart rate and oxygen consumption were 
recorded. 
CHAPTER IV 
ANALYSIS. AND DISCUSSION OF RESULTS 
Organization of the data for analysis. The data were organized 
to compare the effects of the four treatments on the recovery process 
as measured by total heart rate and total oxygen consumption. The 
four treatments w�re Treatment I . rest (control),  Treatment II ice-water 
foot bath, Treatment Ill cool-water foot bath, and Treatment IV 
abdominal ice pack. 
An analysis of variance, treatment-by-subjects design was used 
to compare statistically the differences among the four treatments as 
measured by total heart rate and total oxygen consumed. 23 The . 05 
level of confidence was accepted as the minimal confidence level needed 
in order for a difference to be significant. The results of this 
comparison are presented in this chapter. The raw data appear in 
Appendix A. 
Analysis of data. An analysis of variance, treatment-by-subjects 
design was used to compare statistically differences in total heart 
rate during the recovery period for each of the four treatments. 
Table III shows the results of this analysis .  
23James L.  Bruning and B. L .  Kintz, Computational Handbook of 
Statistics (Glenview, Illinois : Scott, Foresman and Company, 1968), 
PP• 44-47. 
Source 
Total 
Subjects 
Treatments 
Error 
TABLE III 
ANALYSIS OF -RESULTS FOR TOTAL HEART RATE 
AMONG THE TREATMENTS DURING 
THE RECOVERY PERIOD 
ss df ms 
916, 3.32 47 
781, 689 11 
21, 826 J 7 , 275, JJ 
12,817 33 3 ,418. 69 
· *F. 05 (3/33) = 2. 92 
26 
F* 
2 .12 
The analysis of the data indicates that there was no significant 
differences in any of the four treatments used as measured by heart 
rate. Thus the null hypothesis was accepted. 
Figure 1 shows graphically the minute-by-minute recording of 
the heart rate during recovery for each of the four treatments. 
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FIGURE 1 
MINUTE-BY-MINUTE HEART RATE DURING 
RECOVERY FOR THE FOUR TRF.ATI-fgNTS 
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An analysis of variance, treatment-by-subjects design was 
used to statistically compare the differences in the total oxygen 
consumed during the recovery period for each of the four treatments. 
Table IV shows the results of this analysis. 
Source 
Total 
Subjects 
Treatments 
Errors 
TABLE IV 
ANALYSIS OF RESULTS FOR TOTAL OXYGEN CONSUMED 
AMONG THE TREATMENTS DURING 
THE RECOVERY PERIOD 
ss ms 
35, 116, -338.40 47 
17 , 385, 959.18 
1, 496, 521. 95 3 498, 840. 65 
16, 233, 857.26 33 _ 491. 935. 06 
*F. 05 (J/JJ) = 2 .92 
F• 
1 .01 
Table IV indicates that there was no significant difference in 
any of the four treatments used as measured by the amount of oxygen 
consumed. Thus the null hypothesis was accepted. 
Figure 2 shows graphically the minute-by-minute recording of 
the oxygen consumed during recovery for each of the four treatments. 
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RECOVERY FOR THE FOUR TREATMENTS 
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Discussion of results. Within the limitations of this study, . 
the following conclusions were 'made a 
1. That the use of cryotherapy (cold foot bath, cool foot 
bath, �d abdominal ice pack) had no significant effect 
upon heart rate and oxygen consumption during the 
recovery period. 
In a study by Booher the subjects complained that the foot 
bath was almost unbearable the first minutes, and therefore Booher 
concluded that this condition placed added stress on the heart and 
increased its rate. Also Booher stated that the foot bath had the 
highest heart rate. 24 In contrast to Booher's study, this investigator 
found that the ice-water foot ba�_ was uncomfortable to only one 
subject. This investigator believes that the temperature of 40-45 
degrees, as compared to 35-40 degrees used in Booher's study, was the 
factor determining that all but one subject experienced no problems 
with the foot bath. 
Jacobsen, in his study, found no significant difference in 
body temperature and heart rate between the cold-water foot bath 
or rest period. 25 This investigator also found that no significant 
difference resulted between the ice-water foot bath and the rest 
treatment . 
24Eooher, · loc. �. 
25Jacobsen, loc. cit. 
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2. That the data revealed that all subjects heart rates fell 
within a range of five beats per minute at the termination 
of the recovery period. This finding was true for all 
treatments. 
This small difference, which occurred in all four treatments, 
in the investigator ' s  opinion, resulted because of the length of time 
involved in the recovery period (twenty minutes) .  Immediately and for 
approximately the first four minutes of the recovery period, the heart 
rates slowed down quickly and then began to level off . 
Since the treatments did not differ significantly, the 
hypothesis, that "cold abdominal ice pack, ice-water foot bath, 
cool foot bath, or rest will have no effect upon the recovery process 
if administered after strenuous activity, " is retained. 
CHAPTER V 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Summary. The purpose of this study was to determine the effect 
of a cold abdominal ice pack, an ice-water foot bath, a cool foot bath, 
and rest upon the recov�ry process as measured by heart rate and oxygen 
consumption. Four treatments were employed 1 (1) rest (Treatment 1) , 
(2) rest with the application of ·an ice-water foot bath (Treatment II),  
(J) rest with the application of an cool-water foot bath (Treatment III),  
and (4) rest with the application of an abdominal ice pack 
(Treatment IV) . The study was limited to twelve subjects who were 
selected from volunteers of the basic instruction physical education 
ciasses. The following hypothesis was investigated: cold abdominal 
ice pack, ice-water foot bath, cool foot bath,. or rest will have no 
effect upon the recovery process if administered a.fter strenuous activity. 
The order in which the subjects received the treatments was 
determined by the academic schedule of the subjects and in cooperation 
with the inves�igator. Every subject was tested four times and received 
each treatment only once. Each subject rode the bicycle ergomete�• 
until hi s heart rate reached 180 beats per minute. Upon completion of 
the ride, the subject had one minute to dismount the ergometer, remove 
his shoes and socks. At the· end of the 60-second period, recording of 
oxygen consumption began, and one of the four treatments was then 
administered. 
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Treatment I consisted o:f rest :for the entire twenty-minute 
recovery period, with the oxygen consumption and heart rate being 
recorded. Treatment II consisted of placing the subject' s :feet in an 
ice-water fo.ot bath _ from the first to the eighth minute. The subject 
then removed his feet from the bath and rested for the remainder o:f the 
recovery . period. Oxygen consumption and heart rate were recorded during 
the recovery period. Treatment III consisted of placing the subject' s 
:feet in a cool water foot bath from the first to the eighth minute. 
The subject then removed his feet from the bath and rested :for the 
remainder o:f the recovery period. Oxygen consumption and heart rate 
were recorded during the recovery period. Treatment IV consisted of 
placing an ice pack upon the subject' s abdominal area from the first 
to the eighth minute. The ice pack was then removed, and the subject 
rested for the remainder of the recovery period. 
The measurements in this study were theses total heart rate 
during the twenty-minute recovery period and total oxygen consumption 
as measured with. a thirteen and one-half liter respirometer during the 
twenty-minute recovery period {less one minute for connection of the 
respirometer equipment). An analysis of variance, treatment-by-subjects 
design was used to learn whether any of the treatments differed 
significantly from each other. Analysis of variance, treatment-by­
subjects was also used to analyze the difference in total recovery heart 
rate and total oxygen consumed during the twenty-minute recovery 
period. No significant differences were :found among the treatments in 
either total heart rate or oxygen consumption. 
Conclusions. The findings of this study indicate that none of 
the four treatments was of · a greater importance in improving recovery 
time than any of the other treatments. No treatment reached the . 05 
level of confidence required to show significance. 
Reconnnendations for further research. The following 
recommendations are made for further study1 
1. Similar studies could be undertaken, using a larger 
respirometer so that the oxygen used du.ring exercise 
could be determined and then the cryotherapy treatments 
applied. 
2. A similar study be undertaken, comparing the data 
recorded from exercise on the bicycle ergometer to 
running on a treadmill with applications of the 
cryotherapy treatments following the exercise period. 
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APPENDIXES 
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2 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Means 
SD 
APPENDIX A 
TABLE V 
TOTAL HEART RATE RECORDED DURING THE 
1WENTY-MINUTE RECOVERY PERIOD 
FOR EACH TREATMENT 
1, 912 1, 860 1, 862 
2, 204 2, 170 2, 196 
1, 777 1, 835 1, 715 
2, 172 2, 187 2, 142 
2, 230 2, 111 . 2, 068 
1, 986 1, 900 2, 036 
2, o4o 1, 910 1, 989 
2, 056 2, 162 2 , 019 
1, 936 1, 894 1, 978 
2, 061 2, 067 2, 090 
2, 141 2, 232 2, 273 
2, 271 2, 050 2, is1 
2, 065. 50 2, 056. 50 2, 046.25 
44J. 84  423. 11 46J. J8 
1, 827 
2, 222 
1, 801 
2, 187 
2, 072 
1, 886 
1, 986 
1, 936 
2, 028 
2, 068 
2, 039 
2, 061 
2, 009.41 
'JSJ.97 
39 
APPENDIX B 
TABLE VI 
-
TOTAL OXYGEN CONSUMED (MILLILITERS) DURING 
THE 'IWENTY-MINUTE RECOVERY PERIOD 
FOR EACH TREATMENT 
Subject Rest Ice Foot Bath Cool Foot Bath Ice Pack 
1 10, 485.35 10, 004.90 11, 3.52.42 10, 259.29 
2 9, 088.67 . 9 , 784.83 11, 700.72 10, 998.49 
J 8 , 680.40 10, 741.02 8, 962.46 9,401.87 . 
4 8 , 944.94 8, 195.21 8, 452.41 8 , 663.24 
5 8, 593.92 8 , 8j9.61 9, 057.37 8 ,422.56 
10, 803.39 9, 414.33 9, 385.16 9, 221.35 
7 9, 022 . 62 8, 679.40 ·. · l0, 346.42 9, 853.32 
8 8, 977.79 10, 047.24 10, 227.02 9, 355.19 
. 9 7 , 366.79 8, 478.27 10, 296.0J 8, 907.99 
10 8 , 106.25 8, 527.28 10, 069.86 7 , 961.11 
11 9, 014.73 8, 700.58 · 8, 269.50 10 , 358.80 
12 8 , 235.33 9, 950.05 7 , 657. 30 9, 394.72 
Means 8 , 943.J0 9, 280.22 9,.409.35 9, 101.95 
SD 901.34 777.30 1, 007.64 608.16 
